Abstract. In this paper we have obtained expressions for the moments of the quasilinear integral of anisotropic plasma collisions. Resonant and adiabatic interactions of particles with an arbitrary wave mode are considered. Expressions for the moments describing the interactions of ion-cyclotron waves with ring current and magnetospheric heIium ions have been derived as an example using obtained results.
Introduction
The hydrodynamical approach is widely used when describing the behavior of both cosmic and artificial plasmas. This approach makes it possible to analyze the behavior of multicomponent systems. In previous work, only interparticle collisions were considered (Oraevski et al., 1985) .
Early treatments which only accounted for interparticle collisions had a fairly restricted sphere of applicability, because they did not consider wave-particle interactions which are particularly important in the ring current region of the Earth's magnetosphere.
The ring current's interaction with the plasmasphere leads to intensive generation of ion-cyclotron waves (Cornwall, 1964 ; Kennel and Petschek, 1966) . These waves were used to explain the effects of precipitation of ring current protons into the Earth's atmosphere (Cornwall et al., 1970) . excitation of SARarcs (Cornwall et al., 1971) , formation of the "hot zone" of the plasmasphere (Galeev, 1975) and many other phenomena.
The wave-particle interaction may be included if we add the corresponding moments of the quasilinear collision integral (Akhiezer, 1974) to the hydrodynamic equations. Similar attempts were made in recent articles (Konikov et al., 1989; Gamayunov et al.. 1991; Gorbachev et al.. 1992) . The authors of these papers examined the interaction of the ion-cyclotron waves generated by hot anisotropic protons of the ring current with electrons and protons of the background plasma. These results cannot be Correspondence to : G. V. Khazanov employed to describe the interactions of other types of observed waves which interact with a multicomponent plasma.
In this paper. the system of hydrodynamic equations governing the behavior of a multicomponent anisotropic plasma will be supplemented by terms which take into account the quasilinear interactions of particles with arbitrary waves. Resonant quasilinear interaction of waves with particles (Konikov er al.. 1989; Gamayunov er al., 1991) may be insufficient to describe a system. For example, both resonant and adiabatic interactions must be used to describe the interaction of Langmuir waves with electrons. Therefore, in the following, when obtaining the moments of the quasilinear collision integral, we will consider both resonant and adiabatic interactions.
Quasilinear interaction in hydrodynamics :

general relationships
Let us consider the case of a weakly turbulent plasma. The expression for the quasilinear integral which considers both resonant and adiabatic interaction was obtained previously (Belikov et al., 1974) . Since it will subsequently be used in a somewhat different form, we will outline its calculation. The following equations for the regular CfR) and turbulent (,f'") components of the distribution function are obtainable using a standard procedure (for more detail see Tsytovich, 1971) : where F, is the regular component of force and, for K. V. Gamayunov et al. : Plasma , then equation (2) takes the form (we will omit index LX)
The primes indicate that all quantities are taken in a coordinate system moving with the plasma. If one neglects the background plasma's inhomogeneity and nonstationarity. equation (3) has the following solution (axis z//BO) (Akhiezer, 1974) :
where k is the wavevector. cos x' = k\.!X-,, cos cp: = z.\ir%\, CI& = eB&. Assuming that the mean velocities u (lul CC c) on small scales are coordinate-and time-independent, the transformations (see e.g. Alexandrov PI cl/.. 1988) :
where S, is the Kronecker delta. permit equation (4) to be rewritten in a laboratory coordinate system :
On substituting equation (6) into the right-hand side of equation (l), multiplying by mh (v-u) and integrating over velocity, we obtain the following expression for the moments of the quasilinear integral :
where primes were omitted for vi and the asterisk refers to complex conjugation.
We make the following definitions :
where e: is a polarization vector of the wave oscillations of type 0 and f" refers to a distribution function in the reference frame moving with velocity u. By making the following definitions [cf. equation (7)],
one may rewrite equation (7) in the form used in the hydrodynamical description (Oraevski et al., 1985) , i.e. h = L'_ P,L'~, t',cijt',, etc. :
w It is obvious that during the quasilinear interaction the number of particles is unchanged, i.e. for the h = 1 moment, Jo = 0. Here, the meaning of ~1, /I, y are any x, ~3, :. The notations &'I, cz], [y, Q, @I, etc. mean that the first term must be copied with substitution t[ + 8, @ + G in equation (10) ; OL + yq j3 -+ cc, y -, /I in the second term and ~~~,~~~~~j~inthethirdte~inequation~Il~.
For receiving equations (9 jf 1 l), different functions h , z',L:~, t',up,. etc.) are rcptaced into equation (7) (8) and (12) we have the following :
The relations (13) then, when calculating the functions P, one can put a = kLt'l,/wB : fxa.I~1,1w8 = 0, o?I Thus, we have written the expressions for the momerit5 of the quasjI~near integral of collisions in terms of the function CT~ {its physical meaning is clear from its relationship to the charge density of 01 particles: pi = GFQZ;~~~~~,.~,~,,) and P. The hydrodynamic equations should be supplemented by an expression governing the energy density evolution of the plasma oscillations. The resulting system takes into account both the resonant and adiabatic quasilinear interactions, where N, is the density of a particles and vu, ol, are longitudinal (along the external ma8netic field) and transverse thermal velocities, respectively. The density and temperatures in equation (20) depend paramet~~lly on t and t. Note that the calculation of moments of the quasilinear integral of collisions using equation (20) does not contradict the fact that, on scales in excess of the scale of averaging in equation (I), the distribution function can contain dissipative terms (for example, the Grad approximation).
Moments of the quasilinear integral of collisions for a bi-Maxweltian plasma
In the case of Coulomb collisions, the question of the consistency of the approximations, in terms of which the cross-sections and moments of the integral of collisions are calculated, does not arise.
On substituting equation (20) into equation (8) WI where 0; = 4xN,e2/m is the plasma frequency of the considered particles. It is most convenient to calculate the derivatives of e. in parameters a, and a, in a cylindrical coordinate system. in this case, as follows from equation (21) (23) AI-$ QnLlus,,os = x%,"(x)-ml"(X), (24) A3$ QnLlvl,,wb = x3A;(x) -3x%:(x), (25) 
and :
are valid, where :
and Using expressions (21)- (28), one can rewrite the moments of the quasilinear integral [equations (9)-( 1 l)] for the case under consideration. The resulting expressions are rather unwieldy ; however, for a number of particular situations (small Larmor radius, absence of transverse drift, resonant interaction, etc.), they simplify substantially.
Moments of the quasilinear integral of cotlisions in the absence of a transverse drift
If u = 0, then neither Zi, nor go, nor the derivatives on x' and a (after identifying a = klvlr/mg), depend on x, and this allows us to simplify expressions (9)-( 11). We choose the polarization vector in the form (Akhiezer, 1974) :
where T" is a combination of the components of the tensor of dielectric permeability si, (&, k) ; .c3 z ~,(a$, k) and I@'/ is the no~aiizatio~. Now we can integrate expressions (9'-( 11') over x. Then :
where CT,, has the form :
When substituting the derivatives (a/a~)' into equations (30)-(32), it is more convenient to use, not equations (23)-(28). but their combinations. Expressions for these combinations are given in the Appendix. Thus, we have obtained the moments of the quasilinear collision integral which take into account the resonant and adiabatic interactions of arbitrary types of oscillations with arbitrary plasma particles. Expressions (9')-( 1 I'), (13)-( 17). (21) and (22) are suitable for describing the plasma in the field of arbitrarily directed regular force F,, or equations (30)- (33) in the absence of a transverse drift.
As mentioned above, the system of hydrodynamic equations, taking into account the cont~butions from the quasilinear interaction. should be solved together with the equation describing the evolution of the spectral energy of waves I;. However, as a first approximation, we can use the energy spectra of the given type of waves registered on satellites in near-terrestrial space.
Tn conclusion we will derive the expressions for the moment of the quasilinear integral of collisions which can be used when modelling the interactions of ion-cyclotron waves with ions in the ring current region.
As we mentioned in the Introduction, the anisotropic protons of the ring current generate intensive left-hand polarized ion-cyclotron waves in the region of the plasmasphere. Moreover, the generation takes place during the cyclotron interaction. Using equations (30)-(33) and equations (Al)-(A6) for n = 1, assuming 1 CC 1 and neglecting ekI, we get fairly simple expressions which take into account the interaction of ring current protons and ion-cyclotron waves :
The tensor of dielectric permeability of the cold magnetized plasma in previous expressions may be used. If there is a small addition of helium ions to the ring current region, then the dispersive dependence of ioncyclotron waves is greatly modified (Young eb al., 1981) . The presence of helium leads to three branches in the dispersion relation for obhque propagation of waves. The first branch (class 3) is left-hand polarized and hes below the gyrofrequency of helium ions He * (Korth ct al., 1984) . The interaction of such waves with He* will also be described by expressions (34) (36) with substitution of the anisotropic proton parameters for the parameters of He+ _ In conch&on. we should like to stress that the moments ofthe quasilinear collision integrals obt~~lled in this paper take into account both res~?n~nt 2nd ;Idiabatic interactions of~rbitrary waves and particles. tt gives us an opportunity to use the system of the ~~~r~d~-n~rn~ca~ eyuntions for investigation of ~~~ticompon~nt plasma in which the developed wave activity takes pf~e.
The obtained results include. ;ts ;I particular case. the outcome of previous papers (Konikov et ul., 1989: Gamayunov et 
